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ABSTRACT
Integrating tectonic» oceanographic» climatologie» 
and morphologic information with sedimentologic field data 
collected on the Rio Guayas Delta and comparing process 
forms with those of other world deltas resulted in es­
tablishing the Rio Guayas in a universal deltaic perspective. 
Set in a structural basin exposed to high tides and low sea 
energy» the delta displays morphological responses to the 
combination of processes affecting this section of the 
coast. Northward tidal propagation is amplified by oceanic 
currents» winds» and waves from the same general direction. 
Tectonic and orographic activities have formed the coastal 
configuration» orientation» and structure of the Rio Gua­
yas basin. Pre-Recent river mouth islands» uplifted ter­
races» an oceanic trench» and shoal lagoons are morphol­
ogical expressions of tectonism. A cold oceanic current 
and upwelling from an adjacent trench combine to produce an 
arid climate in the western part of the delta. A warm» 
humid oceanic current from the north produces a wet tropical 
condition along the eastern margin of the delta. Both 
currents affect the circulation in the Golfo de Guayaquil. 
Sediment texture» composition» and distribution reveal an
Ix
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overall highly hydrodynamic area. Heavy minerals distri­
bution shows correlation with high energy areas. The suites 
of heavy mineral concentrations are probably sufficient for 
commercial exploitation.
Montmorillonite and kaolinite clays show a con­
sistent ratio throughout the delta system. Distribution of 
illite correlates closely with that in Provincia del Oro, 
which is the prevenance. In contrast to other, less hydro- 
dynamic, environments of deposition, the distribution of 
foraminifera assemblages shows a mixture of genera through­
out the subaqueous delta. Specimens described as "X", 
and Textularia sp. inhabit dynamic environments of deposi­
tion which are relatively high; they are concentrated in a 
current convergence nodal area west of Isla de Puna. 
Protoschista sp. and Sulcophax sp. are cold-water genera 
transported by the Humboldt current or possibly by upwelling 
currents.
There are universal morphological similarities among 
high-tide deltas, such as funnel-shaped estuarine mouths; 
linear tidal shoals and mid-channel islands in the majcr 
active channels; and winding, anastomosing channels separat­
ing amorphous islands in the older section of the river- 
deltas.
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The overall development of the Rio Guayas Delta in­
dicates a close correlation between sea energy and land- 
river processes. Tidal processes dominate over riverine 
forces. Deltaic aggradation is by mid-channel islands 
and tided flats in the active river sections and by ac­
cretion beach ridges along the seaward coast.
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INTRODUCTION
The Rio Guayas (Pig. 1) flows seaward through the 
largest basin in northwestern South America» forming a com­
plex delta in the transitionally climatic zone between hu­
mid tropical Colombia and arid Peru. The tectonic nature 
of the coast affects shoreline configuration, coastal 
orientation, and location of the oceanic trench, which lies 
relatively close to shore. The northward-flowing Humboldt 
and southward-flowing El Nino currents periodically migrate 
laterally along the coast and occasionally impinge against 
the shore. Upwelling is a common occurrence and, in combi­
nation with the cold water transported by the Humboldt 
current, produces a strong temperature gradient. Sea 
breezes are strongly developed, producing mist-drizzle, 
which is locally called garrua. during the long arid summer 
season. Rainfall is limited to the winter months. Relative­
ly high semidiurnal tides, coupled with low sea energy and 
a high river stage which extends for only a short period of 
the year, result in the unique setting of the Rio Guayas 
Delta.
Field data were collected during the period October, 
1970, through January, 1971 (the dry season of the year),
1




Pig. 1. Index map.
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aboard the oceanographic vessel Huavaipe and a snail boat. 
Saint Jude, of the Instituto Nacional de Pesca, Guayaquil,
A patrol vessel of the Servicio Hidrografico y Oceanografi- 
00 (Guayaquil) of the Ecuadorian Navy was also used during 
the last stage of work.
This study represents the morphodynamical aspects 
of the Rio Guayas Delta; primary focus is on the Recent 
sediments in the subaqueous delta of the Golfo de Guayaquil, 
Other studies were conducted concurrently by Dr. Stephen P, 
Murray, who investigated the shallow-water coastal ocean­
ography, and by Dr, S.A, Hsu, whose main interest was 
boundary-layer meteorology. Morphological observations 
were made in the field and were supported by laboratory 
studies of maps and photographs.
The major problem of this study is the integration 
of morphologic, oceanographic, climatologie, and tectonic 
information with sedimentologic field data. The charac­
teristics of the Rio Guayas Delta are the result of a par­
ticular combination of processes and responses operating 
in this natural setting. An aspect of the major problem 
is the identification and gross scale interaction of the 
mechanisms responsible for the development of the variable 
deltaic features. In addition, comparisons of process forms 
will be made with those of other world deltas vdiich display 
similar characteristics. The aim is to determine whether
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
or not there are consistent responses from certain combi­
nations of processes.
Morphologioally, the Rio Guayas Delta and adjacent 
coasts show three distinctive areast Rio Guayas Delta* 
subdivided into delta plain and subaqueous delta components; 
marginal southeastern deltas; and La Puntilla-Punta del 
Morro-Isla de Puna coasts.
Studies of the coastal zone of the delta region and 
adjacent coasts have been conducted since the 1800's and 
have covered different geological aspects, most of which 
have been related to oil exploration. Wolf (1892) described 
the geography and geology of the coastal zone of Ecuador. 
Sheppard (1930* and 1937) described in particular the geology 
of southwestern Ecuador* where some interesting morphol­
ogical aspects of Quaternary formations are found. Olsson 
(1940) described the tectonic aspect of the region* and 
other writers cover seismological topics and geological 
characteristics of the Santa Elena Peninsula. Sauer (1965) 
described the geology of the southwestern coastal zone of 
Ecuador. The vegetation of Guayaquil area* including the 
Guayas Delta* was studied by Valverde (1966). The Guayas- 
conault (a Canadian consulting company) has been studying 
the hydrological characteristics of the Guayas Basin. The 
Instituto Nacional de Pesca of Guayaquil has conducted 
several ecological studies in the Golfo de Guayaquil and*
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
in cooperation with Tropical Tuna Commission Interamerican, 
has carried out some oceanographic work. Recently the 
Oceanographical Institute of the Ecuadorian Army initiated 
some oceanographical studies along the Ecuadorian coasts.
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PHYSICAL SETTING
The Rio Guayas Delta forms the apex of a triangular 
estuarine coastline bordering the Golfo de Guayaquil* 
Topographically, the delta plain is a lowland except in the 
cases of Cerro de Masvale, Taura, Punta de Piedras, a 
portion of Sierra de San Ignacio, Isla de Puna, and the 
westward coastal extension to Pun ta Santa Elena (Fig* 1)* 
The main mountain ranges which form the headwaters 
of the Rio Guayas system are the Cordillera Occidental, 
composed of igneous, metamorphic, and sedimentary rocks 
ranging in age from Paleozoic to Recent* Extending north­
westward from Guayaquil are the Sierras de Colonche and 
Chongon, formed by igneous and sedimentary rocks of Cre­
taceous age, and the coastwise Sierra de La Estancia, 
oriented more or less parallel to the present coastline*
The latter range is composed of sedimentary rocks and 
extends to heights of about 200 m*
Marine Quaternary terraces exposed at several levels 
(sea level to 300 m) extend along the coast between Pun ta 
Santa Elena and the western coast of Isla de Puna (Fig* 2} * 
They were also reported to exist along coastal Provincia 
del Ore by Sauer (1965)*
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Pig. 2a Morphology, bathymetry, two nodal points (A and B) 
and a linear shoal (C)a
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La Funtllla Is a flat-topped hill 70 m high which was 
formed by massive cherts of Cretaceous age. It was consider­
ed by Sauer (1965) to be a marine terrace.
Sauer (1965) mentioned fluvial and estuarine sedi­
ments deposited on the youngest marine terraces of the 
northern portion of Santa Elena Peninsula. The sediments 
contain well-preserved bones of mastodons, megatheriums, 
equinos, and reptiles. According to Sauer (1965)» Hoffstet­
ter (1948) described the habitat for that fauna as tropical, 
similar to that of Provincia del Oro. Sauer interpreted 
this climatic condition in the Peninsula de Santa Elena as 
being directly related to the seaward position of the Hum­
boldt current, which he considered to be farther offshore 
from the coast at that time; later coastwise migration 
favored drier conditions and created a semiarid climate, 
according to Sauer.
A wind rose for selected stations (Fig. 2) shows 
prevailing winds to be from the west-southwest. Usually 
these winds are about 9 km/h in the morning, increasing up 
to 20 km in the afternoon. The coast between Pun ta Santa 
Elcia and Punta del Morro is perpendicular to the prevail­
ing winds. Tectonically, this portion of the coast has 
been described as an active uplifted area by Sauer (1965)* 
Sheppard (1930) mentioned that tectonic uplift of the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
coastal belt has been occurring since early Quaternary 
times.
The Guayas River basin is about 31» 000 km^. The major 
tributaries are the Babahoyo and Daule Rivers (Fig. l)i the 
former drains a surface of 19,140 km^» and the latter,
12»760 km • The flood plain valleys of these two rivers 
display a meandering-type channel» and some mid-channel 
islands occur. The confluence of these rivers with the Rio 
Guayas occurs about 4 km upstream from the Port of Guayaquil.
The continental shelf extending westward of Isla de 
Puna is about 75 km wide» and the slope is 1.4 m/km. North­
ward» the 100 m bathymetrio line (considered here the 
border of the continental shelf) impinges closer to the 
shoreline» reaching its narrowest point (30 km) at Pun ta 
Santa Elena. A trench oriented north-south reaohes its 
greatest depth» 4»000 m» about 140 km offshore from Isla de 
Puna. The bathymetry of the inshore shelf is direotly 
related to deltaic development and sea energy.
In macrosoale the Rio Guayas Delta is olimatically 
set in a transitional zone between the tropical conditions 
of Colombia and the desert climate of Peru. However» on a 
microscale the delta is flanked on the west by desert 
conditions» on the delta proper and east flank by wet 
tropical conditions» and farther east by the desert climate
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of Peru* The wet tropical climate is caused by orographic 
effects of air moving inland over the adjacent Cordillera 
Occidental. When wind blows the air over the warm water 
produced by the El Nino current against the Cordillera Oc­
cidental, rainfall occuxs. The coastal plain of Provincia 
del Oro is narrow, about 20 km wide, and is characterized 
by an agriculturally rich lowland. It is described by 
Meggers et al* (1965) as being similar to that of the 
Caribbean of Colombia.
Annual rainfall distribution in the delta region and 
adjacent coasts shows that the lowest precipitation occurs 
in Salinas (La Puntilla), Ancon, and Playas, and higher 
precipitation at Naranjal and Guayaquil (Pig. 3a, b). The 
rainy season starts in December and usually ends in May 
but sometimes extends into June. Temperatures fluctuate 
from 22.2°C to 25.6®C (Pig. 3c).
Climatic conditions of the delta region are primarily 
controlled by the presence of two oceanic currents. The 
Peru or Humboldt current flows northward and is charac­
terized by cold water rich in nutrients. This cold water 
creates dry conditions along the coast, which are more 
severe when cold water is in close proximity to the shore.
A situation of this type occurred in 1962 (Pig. 3c), pro­
ducing the lowest temperatures in available records.








Piga 3* Annual rainfall and temperature for 
stations and years indicateda
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The Influence of the El Nino current is reflected in 
the 1955 record (Fig. 3o), when the greatest amount of 
precipitation occurred at Guayaquil, Naranjal, and Puerto 
Bolivar.
During the period of influence from the Humboldt 
current there is normally very little rainfall, but the 
garrua (mist-drizzle) occurs from about June to September 
(Pig. 3b, o) and is sufficient to form deep mud on trails.
There are no discharge figures for the Rio Guayasi 
however, at Rio Babahoyo, Station Babahoyo (Pig. 1), the 
river stage varied 5 m between the wet and dry seasons 
during 196?# Many streams drain the Cordillera Occidental, 
discharging into Canal de Jambeli; conversely, streams 
draining the drier western segment between Pun ta Santa Ele­
na and Punta del Morro are intermittent.
Semidiurnal tides dominate in the Rio Guayas Delta; 
they are 1.8 m at the entrance to Canal del Morro and Canal 
de Jambeli and about 3 .3 m at Guayaquil (data from British 
Admiralty Chart No. 586). Tidal progression is generally 
from south to north (National Ocean Survey, 1973)*
Salt water intrudes upstream at least 200 km inland 
from Isla de Puna. Depending on the location in the Rio 
Guayas and associated estuaries, salinity varies from 
stratified to well mixed. Salinity information obtained
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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from Quayasoonsult (1970) showed that chloride detected in 
December, 1968, and January, 1969, at Station La Toma 
(Pig# 1) was 0.20 ppm at low tide and 0.90 ppm at high tide. 
At Monterrey, the inlandmost station on the Rio Babahoyo, 
chloride wsis 2.0 ppm and 8.0 ppm at low and high tides, re­
spectively.
Although the prevailing littoral current is from 
south to north along the Peruvian coast, in the Golfo de 
Guayaquil longshore currents generally converge into the 
delta area. Convergence is inferred by field and aerial 
photogxaphiD observations and orientation of barrier beaches, 
beach ridges, and spits. The main longshore currents in 
the gulf are (1) a current flowing from the northwest along 
the coast between Fun ta Santa Elena to Pun ta del Morroi 
(2) a current flowing from the southwest along the Peru- 
Ecuador border and continuing northward along Isla de Jambe- 
li, the eastern shore of Provincia del Oro and to the mouth 
of the Rio Paguai (3) on the western coast of Isla de Puna, 
a current flowing northwards and (4) a current flowing east­
ward on the southern shore of this island.
Analysis of swell data collected by the National 
Ocean Survey reveals that from January to May moderate 
swell (1.0 - 1.5 m) arrives at the delta from the south and 
southwest 14 and 8 percent of the time, respectively. Prom
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June to December» swell arrives from the south 40 percent 
of the time and from the southwest 20 percent of the time.
Waves which affect the study area are low; however» 
northward along the remainder of the Ecuadorian coast they 
are moderate. This effect is a direct consequence of 
winds blowing predominantly from the west-southwest. 
Generally» the coast between Pun ta Santa Elena and Isla de 
Puna receives relatively higher wave energy than the rest 
of the delta area.
The Rio Guayas Delta extends from the continental 
shelf inland to Giiayaquil. For discussion purposes the 
delta is divided into two partsi the delta plain and the 
subaqueous delta. Although Isla de Puna is Pre-Recent in 
age» it displays Recent deltaic features around its borders. 
The presence of the island in the center of the gulf plays 
an important role in the character of the Rio Guayas Delta. 
The delta plain includes the Recent deltaic features around 
the island and features inland to Guayaquil. The subaqueous 
delta includes the estuaries flanking the island offshore to 
the 100 m bathymetric line.
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Delta Plain
The delta plain does not display the olassical delta 
shape of the Greek letter. It is irregular and is composed 
of several islands and tidal channels which have developed 
leeward of Isla de Puna. The delta plain is a near-sea- 
level area of approximately 1*200 km^ which is interrupted 
only by older than Recent rock islands such as Sierra de 
San Ignacio* Punta de Piedras* Cerro de Masvale* and Taura. 
Intricate tidal channels* islands* mudflats* and mangrove 
swamps characterize this area. With the exception of 
tributaries, the area is bounded on the west by the Estero 
Salado and on the east by the Rio Guayas channels and Canal 
de Jambeli estuary.
The Rio Guayas channel is broken by numerous middle- 
ground islands which are separated by anastomozing channels. 
The dominant discharge of the river occurs through this 
channel system.
Islands are elongated and their longer axes parallel 
the channels* e.g.* Isla de Mondragon* which narrows to a 
point upstream and widens downstream* where deposition 
results in extensive tidal flats.
Natural levees of the type found along the Mississip­
pi River were observed in the vicinity of Guayaquil. In 
the remaining portion of the delta* natural levees are not
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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well distinguished.
River scars from former courses are evident between 
Duran and Taura and along the western side of the river in 
the same general position as exists to the east (Fig. 2).
These features indicate that migration of the Rio Guayas 
has occurred in this section of the delta.
The Estero Salado, on the western side, is funnel 
shaped and widens toward the junction with Canal de Jambeli 
north of Isla de Puna, where it forms the main connecting 
channel. It is constricted at its mouth at Pun ta del Morro, 
where it reaches a maucimum depth of 50 m. The Navigation 
Canal to Puerto Nuevo (the newest harbor of Ecuador), 
located along the Estero Salado, is the primary deepwater 
navigation channel. Associated with the main connecting 
channel between the Estero Salado and Canal de Jambeli, the 
adjacent islands and tidal flats are oriented west-east 
paralleling bidirectional flow. Northward from this main 
connecting channel, the Estero Salado is connected to the Rio 
Guayas by several winding tidal channels. On the western 
margin of this estuary, several tidal channels drain extensive 
mudflats and mangrove swamps. Salinity in this water body is 
generally higher than in the Rio Guayasi however, there are 
indications that in the recent past the Rio Guayas exerted 
greater influence than it does at present.
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The presence of dead Grassostrea oorteziensls reefs 
(Pig. 4) south of Guayaquil reveals a change in this 
estuarine environment. An indication of this change in 
environment is the fact that the shells which form them 
remain in vertical growing position (Pig. 4a). The only 
oyster species presently living in this estuary is Ostrea 
columbiensis. which grows attached to mangrove trees.
The deltaic area between the two major flanking 
estuaries is comprised of low, swamp-covered islands which 
are interconnected by winding tidal channels displaying 
extensive mudflats. There are several older rock islands 
up to 30 m in height which crop out through the Recent 
delta deposits. These islands are vegetated by xerophytic 
plants. Similar deltaic islands, tidal channels, and 
vegetation exist in the pocket deltaic portion of Estero 
de Puna.
Subaqueous Delta
The water bodies flanking Isla de Puna to offshore 
are considered the subaqueous part of the delta. The most 
notable features in this area are contrasts in estuarine 
characterisxics between the eastern and western estuary 
and their bedforms. The western inlet displays a restrict­
ed mouth, whereas the eastern estuary is wide mouthed.
The former is characterized by river-mouth bars; the latter
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Fig* 4a. A small bank of dead Grassostrea oorteziensis found in the upper portion of the Salado estuary. The shells stand in a vertiori position. (Photograph taken by Dr. infm.G. SmithT*
Pig. 4b; ose-up of a bank of Grassostrea which are very 
closely bounded and where some red mangrove has 
grown through. (Photograph taken by Dr. Wm.
6. Smith).
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displays bedforms characteristic of high-tide environments 
in which linear tidal shoals and associated channels are 
common, as is shown offshore of Estero de Puna in the Canal 
de Jambeli. A series of sand waves midway of this estuary 
stand apart from crenulated shoals extending roughly north- 
south along its eastern boundary. Similar crenulated 
shoals are well developed on the southeastern comer of Isla 
de Puna.
The shoal areas south of Playas to Isla de Santa 
Clara to the Archipielago de Jambeli indicate the extensive­
ness of the subaqueous delta and active areas of sedimen­
tation. The subaqueous delta surrounds Isla de Santa Cla­
ra, which is several meters high and is formed by Miocene 
sedimentary rocks.
Marginal s outheastern Deltag
The coastal plain east of Canal de Jambeli is called 
the Provincia del Oro and is the richest agricultural region 
in Ecuador. From the shoreline to thé foothills, it is 
about 25 km wide and is crossed by numerous streams, which 
form deltas in the Canal de Jambeli. Along most of the 
coastline and the rivers, mangrove forests are abundant, 
and patches of Salicomia inhabit the numerous salt flats. 
Shoals associated with small deltas dominate in the near­
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shore waters along this section of the coast.
There are two primary areas where beach ridges are 
developing. Between Isla de Jambeli and Rio Jubones Alto 
Bajo, accretion beach ridges are forming at the river mouth 
of Jubones Alto Bajo which are deflected up the Canal de 
Jambeli by the main direction of flow (Pig. 5).
Isla de Jambeli (Pig. 6) is part of a deltaic com­
plex which lies to the southwest along the Peru-Ecuador 
boundary. Estero de Santa Rosa is the largest estuary in 
this complex, where Puerto Bolivar is located.
La Puntilla-Punta del Morro-Isla Puna Coasts
This section of the coast is an uplifted area of 
Quaternary deposits. Along some sections, marine terraces, 
locally called Tablazos. occur along the coast. Elevation 
of these terraces varies from low-tide level up to 300 m 
above sea level. The shoreline exhibits stretches of 
cliffs, sandy beaches, and rocky headlands (Pig. 7a). 
Headlands dominate the western portion; they are found at 
La Puntilla, Pun ta Camero, and Anconcito. Between these 
features is an estuary which has been filled with sediments 
or possibly uplifted during Recent times. It presently 
forms an extensive salt flat which is fronted by sandy 
beaches and inhabited by low beach vegetation.
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Pig, 5* Morphological features at the Rio Jubones Alto 
Bajo delta.
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Figa 6a Morphological features at the Isla^^e Jambeli.
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Pig, 7a* (a) Quaternary marine terrace dissected by an arrovo 
on its eastern side; (b) small estuary (Rio Grande; displaying a braided channel; (c) barrier island 
vegetated, almost closing the mouth; (d) Punta Gar- 
nero, a headland several meters high.
I
Fig, 7'b. Coast 10 km bast of Ghanduy* (a).~Jlariae tecraeft dis» 
sooted by a dendritic drainage pattern# (b) fault parallel to the shoreline; (c) cliffy terrace next 
to a narrow beach; (d) river mouth blocked by beach 
deposits.
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In the vicinity of Chanduy» cliffy terraces are being 
eroded by the sea, and dissection of their surface by 
erosion is creating bàdland topography along the coast 
(Pig. 7b). Sandy beaches, backed by cliffed marine terraces, 
give way to cliffy coast and headlands west of Playas.
About 10 km west of Playas there is another shallow- 
water lagoon which is nearly filled with sediments. A 
barrier island blocks the lagoon except during heavy-sea 
periods, when it is temporarily breached. Along the fringe 
of this lagoon small mangroves grow, and Salicomia inhabits 
the salt flats. All the arroyos and small estuaries along 
this portion of the coast are blocked by beach deposits.
From Playas eastward, sandy beaches, backed by low 
terraces, dominate the coast to Estero de Data, where an 
open inlet connects with an estuary. The spit on the 
western side of the inlet extends eastward, a situation 
which indicates the main current direction. Beach vege­
tation in this area was identified by Dr. P.M. Valverde 
(personal communication) as followsi Ipomoea nes-caprae.
Nama dichotomun. Scutia spicata. Crvptocerpus piriformis, 
and Cerdia lutia. From this inlet to Pun ta del Morro, 
sandy beaches dominate and accretion beach ridges have 
formed at the point. Beach vegetation present in this area 
included Ipomoea pes-caprae, Pectis arenaria. Acacia
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huarango. and Valesia glabra.
Isla da Puna is the largest island in the area. It 
is ^5 km long, 25 km wide, and more than 50 m high and has 
a surface area of 3*700 km^. Its surface is undulating, 
and there are hills in the northeastern portion. Some of 
its Recent morphological features are shown in Fig. 8.
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Pig. 8. Morphological features on southern shores 
of Isla de Puna.
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ENVIRONMENTAL INFORMATION
Field studies were conducted during the last three 
months of 1970 and the early part of January, 1971• These 
studies primarily concentrated on the sedimentary aspects 
but focused on suspended and bottom sediments and their 
environments. Samples of both suspended and bottom sediment 
were collected throughout the entire Guayas delta complex.
As part of a larger interdisciplinary study, data concern­
ing currents, salinity, and temperature were also coUected. 
The only continuous tide record was made at a station 
located at Guayaquil.
Positions of the sampling stations and depths were 
obtained by radar and a fathometer (Fig. 9). Current 
measurements were taken with Marine Advisers ducted meters 
(Q15) and Hydro-Products Savonius rotor meters. Salinity 
and temperature meeuaurements were made with Beckman RS-5 
induction salinometers. Water samples were collected with 
a sampler similar to the Nansen type. A Shipek sediment 
sampler was utilized to obtain the bottom sediments, and 
cores were collected by a gravity piston coring device.
In the marginal southeastern deltas, five profile 
27
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Figa 9* Positions of the sampling stations a
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sections (A-E) were sampled. In addition to grab samples of 
bottom sediments, undisturbed sediment cores were taken for 
evaluation of sedimentary structures.
Size analyses of the coarse fraction of bottom 
sediments were conducted, using a i**phi sieve interval. 
Shells or shell fragments larger than the terrigenous mate­
rial were removed, so as not to mask the true granulometric 
parameters. Material finer than 4.5 phi was separated by 
wet sieving methods and analyzed by the pipette method 
(Polk, 1968).
The granulometric parameters were obtained by using 
the moment measures method described by Friedman (1961). 
Calculations were run to compute mean, standard deviation, 
skewness, and kurtosis (Appendix A).
The conoentrations of suspended solids were determined 
by passing water samples through a millipore membrane filter 
(0.45 micron pore size and 4? mm in diameter) according to 
the teohnique desoribed by Strickland and Parsons (1965)# 
After samples were filtered, they were dried at 100°C for 12 
hours, then cooled in a desiccator and weighed. Suspended 
solid concentrations were computed and reported in grams per 
cubic meter.
Bromoform was used to separate the sand-sized grains 
into light and heavy mineral fractions. Heavy mineral frac­
tions (unsized) were split with a micro-splitter, and a re-
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présentât!ve sample was mounted on a glass slide with Canada 
balsam. Identification of species was accomplished with the 
aid of a pétrographie microscope. Percentage of each mineral 
was calculated by point counting 200 grains (Appendix B).
Identification and percentages of light minerals were 
determined by point counting 300 loose grains from a repre­
sentative sample under a binocular microscope. Appendix C 
lists the specimens identified and their percentages.
The fine sediment fraction was prepared for clay 
mineral analysis. A constant volume of sample (1 ml) was 
withdrawn from the clay fraction during pipette analysis, 
placed on a glass disk, and dried at room temperature for 
24 hours. Selected samples were glycolated and heated at 
550^0. All clay minerals analyses were made using a Norelco 
X-ray diffraction unit with Cu tube at 45 kv, 35 ma, and 
chart speed of 1^/min.
Poraminifera samples were collected at each station 
directly from the dredged sediment. The technique described 
by Phleger (I960) was employed for sampling and studying 
foraminifera. However, because of unexpected field dif­
ficulties, a constant volume of sediment was not collected. 
Care was taken, however, to minimize differences in the vol­
ume. Distinction between living and dead populations was 
not made. Table 2 (see page 57) summarizes genera identified
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at each station*
Cores for study of primary structures were split into 
two halves and photographed* Slabs about 1 cm thick were 
cut from each core in preparation for X-ray radiographic 
analysis* The slabs were placed over X-ray film (Kodak 
type M) and exposed for approximately 2-3 minutes at 28 kv 
and 20 ma* A Norelco 150 kv, constant-potential, berylium 
window, industrial X-ray unit was used.
In order to provide a hydrographic setting for both 
suspended- and bottom-sediment data, the physical ocean­
ography study which was conducted concurrently with 
sediment investigations was utilized. A summary of the 
hydrographic study which is relevant to the sediment study 
is presented. Murray ai* (1973) studied the current 
velocity field through the estuary as a function of its semi­
diurnal tide. Pigs.10 through 12 graphically represent 
changes in the estuary's velocity fields as traced at 2- 
lunar-hour intervals through an average tidal cycle.
Current vectors on these figures indicate the vertically 
averaged current speed at a given lunar hour. At some lo­
cations, one vector may represent the cross-channel average 
of two or three current monitoring stations.
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Lunar Hour Zero» Beginning with lunar hour zero 
(Fig. lOA), the flood current arrives at the entrance of Ca­
nal de Jambeli, although in the upper portions of the 
estuary ebb currents remain relatively strong. In Estero 
Salado (western estuary), flood stage has moved through 
the inlet and is spreading northward and eastward through 
the Puna Channel. The strongest currents (approximately 
60 cm/sec) are ebbing in the Rio Guayas channel, but slack 
current is occurring at approximately the mid-point of Ca­
nal de Jambeli.
Lunar Hour Two. By lunar hour two flood tide con­
ditions dominate the entire estuary (Fig. lOB). Strong 
currents prevail within the central portions of both eastern 
and western estuaries and especially where constrictions 
occur, such as at Canal del Morro. A convergence of flow is 
clearly indicated at approximately the midpoint of the Puna 
Channel as flood currents from Canal de Jambeli move westerly 
through the channel and currents from the Estero Salado flow 
easterly. Basically the same general current pattern occurs 
through lunar hour four as was present during lunar hour 
two (Fig. HA). The most striking difference occurs in the 
main Rio Guayas channel, where flood current velocities 
increase considerably, and at the zone of convergence flow 
in the Puna Channel, where the flood component from Estero
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Fig. 10. Tidal current velocity field at
(A) lunar hour zero;
Guayaquil




 (B) at^lwiar hour two (From Murray et aj,..
Guajriquii
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Fig. 11. Tidal current velocity field at (a ; lunar hour four;
Guayaquil
LUNAR HOUR - 6
GUAYAS ESTUARY
. (B) at lunar hour six (From Murray et al., A)  1973).
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Salado la greatly reduced.
Lunar Hour Six. At lunar hour six (Fig. llfi )* ebbing 
begins on the eastern side of Canal del Morro» while the 
opposite side Is still flooding. The convergence of flow 
In Puna Channel has now been replaced by a unidirectional 
flow to the west. Within the main portion of Canal de Jam- 
bell, currents are still flcodlng, but with low velocities. 
The only strong flood currents within the estuary system 
occur In the Rio Guayas.
Lunar Hour Blaht. By lunar hour eight (Fig. 12A)» 
strong ebb currents have develcped throughout the estuary.
A divergence of flow develops In the Puna Channel» and 
currents flow westward Into Estero Salado and eastward Into 
Canal de Jambeli. The system continues to ebb through 
lunar hour ten (Fig. 123)» and the greatest velocities are 
shown In the vicinity of the northern side of Puna Channel 
and the Rio Guayas mouth. With turning of the tide» the 
cycle» as traced through lunar hour zero to lunar hour ten» 
begins again.
In summary» measurement of velocity fields through­
out the Guayas estuarine complex documented a 1.5-2-hour 
phase shift in the dominant semidiurnal tidal current 
stages up-channel. The phase lag between slack water and 
high tide remains on the order of i hour along the channel» 
In agreement with Hunt's (1963) analysis of frlctlonally
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retarded waves In nonuniform channels*
Suspended Sediments
Suspended sediment data were collected simultaneously 
with measurements of currents and salinity from six sample 
stations in the central and upper portions of the Guayas 
delta complex. In this dynamic region of the delta a high 
degree of variability in suspended sediments was observed, 
along with corresponding changes in tidal phase and sub­
sequent variations in the velocity field. The locations of 
sample stations to be discussed are noted on Fig. 9.
Within the dominantly brackish region of the delta 
plain (as used in this paper) a sample station was established 
at the pier of the Institute Nacional de Pesca at Guayaquil.
In addition to current velocity and salinity measurements 
made at Guayaquil, Station 1, a continuous tidal record was 
obtained for this region. Figure 13 illustrates the re­
lationships between tidal phase, salinity, current velocity, 
and suspended sediment. The tidal curve displays a distinct 
semidiurnal pattern and a range of approximately 3 m.
Suspended sediment concentrations and current velo­
cities exhibit the same general covariance. The periods of 
highest sediment concentration in the water column roughly
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Pig. 13. Suspended sediments and associated parameters* 
Station 1.
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correspond to the times of strongest current velocities. 
Curves for both data sets, however, are somewhat skewed 
when compeured to the tidal curve. Highest current velo­
cities occur during ebb tide, and greatest concentrations 
of suspended sediment occur during flood tide. Neither 
parameter corresponds exactly with tidal highs and lows. 
Suspended sediment concentrations for Station 1, which is 
located in the Rio Guayas channel, range from 200 to 1,800 
g/m^ at a depth of 1 m above the bottom and 150 to 1,100  
g/it? at Im below the water surface. Corresponding cuzrent 
velocities range from approximately 75 cm/sec on the flood 
tide to over 100 cm/sec on the ebb at 1 m above the bottom. 
Near the surface, velocities range from 50 om/sec during 
flood to approximately 65 cm/sec at ebb tide. Salinity 
ranged from 5 0 /00 to 10 0/00 during the sample period.
The covariance of salinity curves for 1 m below the surface 
and 1 m above the bottom illustrated that this portion of 
the channel was very well mixed.
Station 4a(Fig. 14) is located in the lower Rio Gua­
yas channel approximately 18 km downstream from Guayaquil.
The graph shows that the same general trend of high suspended 
sediment concentration, coinciding with higher current ve­
locities, applies to Station 4a as to Station 1. Current 
speeds and suspended loads are of greater magnitude at 
Station Ua. Current speeds varied from approximately 10 cm/

















Pig, 14. Suspended sediments and associated parameters* 
Station 4a.
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sec to 130 cm/sec > and corresponding changes in suspended 
sediment concentration ranged from approximately 50 g/w? 
to more than 3,000 g/m^« Fragmentary salinity data sug­
gest that the Guayas channel at this point in the delta 
complex is more saline and only moderately well mixed as 
compared to Station 1. Salinity values ranged from 10 0/00  
to 20 0/00•
Figure 15 illustrates suspended solids concentra­
tions, current velocities, and salinities collected at 
Station 8, at the distal end of delta plain. The sample 
location was close to the Rio Guayas mouth, at approximately 
a mid-channel position. Bottom sediments at this location 
were relatively coarse and therefore contributed less to the 
suspended sediments under strong current conditions than at 
the previous two stations. Lower suspended sediment con­
centrations, ranging from 24 g/rs? to approximately 385 g/xa?, 
suggest that textural characteristics of the bottom sediment 
may be a limiting factor in the suspended sediment concen­
trations. The range of current velocities, 10 cm/sec to 
125 cm/sec, was the same order of magnitude as at the 
previous stations. At flood tide, nearly normal marine sa­
linities, approximately 33 0/00, were encountered, whereas 
27 0/00 occurred during ebb.
Opposite the Rio Guayas mouth and along the north-
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Pig. 15. Suspended sediments and associated parameters. 
Station do
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eastern coast of Isla de Puna» sample Station 10 (Fig. 16) 
was located. During the sampling interval illustrated in 
the Pig. 16» suspended sediment concentrations (18 g/m^ to 
approximately 275 g/m^) and current velocities (5 cm/sec to 
70 cm/sec) were somewhat lower than those recorded at the 
Rio Guayas mouth» Station 8. In addition» very little dif­
ference was detected in the current strength and salinity 
near the bottom as compared to that at 1 m below the surface. 
Suspended sediments were somewhat higher near the bottom 
than at the surface» as was the case at previous stations. 
Greatest suspended sediment concentrations were measured 
during ebb tide. Because salinities at this station are 
near normal marine values, approximately 33 o/oo» and show 
little variability over a tidal cycle (less than 2 o/oo 
change)» the increase in suspended sediments during ebb tide 
is more likely related to bottom drag by ebb currents rather 
than to influx of suspended sediments from the adjacent Rio 
Guayas mouth.
At Station 80 (Pig. 17)» about 18 km north of Isla 
de Puna» suspended sediments were higher (approximately 575 
e/ro?) near the bottom during flood tide. During slack tide 
both bottom and surface concentrations were low (approximate­
ly 18 g/m^) and nearly the same. Current velocities ranged 
from near 0 to 80 cm/sec» and the strongest currents occurred











Pig. 16. Suspended sediments and associated parameters* 
Station 10.



















P i g ,  1 7 ,  Suspended sediments and associated parameters. 
Station 80.
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near the surface. Salinity at this station varied slightly, 
from 31 o/oo to nearly 32 o/oo.
Surface and bottom readings were, for practical 
purposes, the same, a fact which indicates well-mixed waters 
in this region of the delta.
At Canal del Morro, between Isla de Puna and the main­
land at Station 77a (Pig. 18), differences between suspended 
sediment concentrations in the surface water, as compared to 
those at 1 m above the bottom, were not well defined.
Because of the intense exchange of water through this chan­
nel, bottom sediments are relatively coarse, a condition 
which is reflected in the low suspended sediment concentra­
tions (10 e/v? to 125 g/m^). Greatest suspended concentra­
tions occurred during flood tide. At the time data were col­
lected from Station 77a, current velocities (10 cm/sec to 
90 cm/sec) were consistent with values from other stations. 
Salinity varied only slightly, between 32 o/oo and 33 o/oo.
Suspended sediments for remaining seaward parts of 
the delta were generally lower than those discussed above 
(Pig. 19). Incomplete data sets did not allow comparisons 
between suspended sediment, current velocities, and salini­
ties, as illustrated from the previously mentioned sample 
stations. In summary, concentrations of suspended sediments 
are primarily controlled by local flow velocities, textural 
characteristics of bottom sediments, and salinity contrasts.
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Fig. 18, Suspended sediments and associated parameters. 
Station 77a.
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Fig. 19# Average of suspended sediments for fourteen stations with associated parameters for Stations 1» 4a, 8, 10, 77a and 80; and average sus­
pended sediment concentrations for Stations 23, 27, 31, 44, 45 and 54.
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situations which may indicate proximity to sediment-charged 
waters from the Rio Guayas.
Bottom Sediments
Sediments were collected (Fig. 9) and analyzed (pri­
marily for texture and composition) in the entire deltaic 
region, and in the marginal southeastern deltas several un­
disturbed shallow cores were taken to determine primary 
structures. This approach was followed to estimate the 
relationship of texture and composition to hydrodynamical 
conditions. It was hoped that deltaic macrodepositionsd 
environments could be characterized by texture and composi­
tion, local hydrodynamical conditions, bottom dwellers, and 
internal structures.
Texture
Texture distribution of bottom sediments in this 
complex delta system is primarily controlled by tidal and 
riverine processes and sediment sources. However, other 
processes, such as longshore drift and organic activity, 
are important controlling factors. Waves and swell, in 
this particular delta, are considered subordinate forces 
which modify the distribution of sediments.
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Sediment samples from all the stations were plotted 
on a ternary diagram (Fig. 20) according to size percent­
ages (see Appendix A for granulometric parameters). Grain 
sizes ranged from sand to clay. From what is known about 
energy conditions in depositional environments, levels of 
energy were assigned to the pattern of textural distribution 
in the diagram.
Sediments from sandy environments are characterized 
by high-energy conditions of deposition, as in the case of 
Station 4, 4a, 4b, and those offshore west of Isla de Puna. 
Sediment from these environments became clustered in the 
apex of the triangle and when compared with samples on the 
map (Fig. 9) reflected high-energy deposits. Conversely, 
the distribution of clayey silt samples reflects low-energy 
conditions of deposition, of which Stations 13, 17, and 82 
are examples.
Silty sand and sandy silt sediments, described as 
deposits in moderate-energy conditions, were widely distrib­
uted throughout the delta; they are characterized by samples 
from Stations 24 and 2$, on the Canal de Jambeli, and by 
Station 4% offshore from Isla de Puna.
The distribution of mean grain size and sorting 
(Fig. 21) shows three distinctive areas in the delta system# 
(1) the Rio Guayas and Canal de Jambeli; (2) Estero de Chu-
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Pig. 20. Ternary diagram showing textural distribution 
for all samples collected.
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sorting degree.
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paderosi and (3) the area offshore west of Isla de Puna. 
Table 1 shows eaialyses of ten random stations located in the 
three areas. It reveals that the coarsest average mean 
grain size for sediments is offshore west of Isla de Puna, 
which has the lowest sorting degreet similar values are 
obtained for sediments from the Rio Guayas and Canal de 
Jambeli.
When values of skewness and kurtosis are plotted, 
they illustrate (Pig. 22) asymmetric frequency distribution, 
with sediment at Station having a skewness of zero. 
Analysis of the sample from Station 69 reveals an asymmetric 
frequency distribution, with a long tail extending toward 
finer sediments. Frequency distribution of sediments from 
Station 65f at the other extreme, shows an asymmetric shape, 
with a long tail toward coarser sediments.
Composition
Sediment composition was determined for both coarse 
and fine fractions. All the integral components of the 
coarse fraction were identified by point-counting techniques, 
utilizing a count of 300 grains. Foraminifera and heavy 
minerals were studied separately. In the fine fraction, 
only the clay minerals were identified.
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TABLE 1
Average of the mean grain size and sorting degree of ten random stations 
located on the Rio Guayas, Estero de Chupaderos, Canal de Jambeli, and 
offshore west of Isla de Puna
Delta Plain Subaqueous Delta
Rio Guayas Estero de Chupa- Canal de Jambeli Offshore west
________________________deros____________________________________of Isla de Puna
Sta. M <r̂ Sta. M ^ <rd Sta. M ^ (T̂ Sta. M 4 oé _
1 4 .54 1.76 96 2.55 1 .13 22 3.39 1.64 62 2 .39 0.502 5.62 1.89 95 0.35 1.40 23 5.80 1.67 66 2 .19 0.46
3 2.62 1.88 94 4.19 1.95 24 5.04 2.00 64 2.79 0.584 3.13 .84 92 5.37 28 5.70 1.57 70 2.38 0.544a 2.64 0.35 91 2.68 30 5.60 1.99 68 2.36 0.454b 3.34 0.24 90 0.16 0.94 27 3.00 0.73 65 2.76 0.575 5.74 1.70 87 3.10 1.15 38 2.76 0.91 72 2.74 0.226 6.16 1.85 86 4 .5 4 1.38 37 3.35 0.71 67 3.52 0.778 2.05 0.82 85 2.07 0.74 42 2.71
t u
69 3.42
t u11 5.72 1.49 84 2.12 0.86 41 2.70 56 1.60
Total 40.56 12.83 27.13 12.51 40.05 13.45 26.15 5.48Average 4.05 1.28 2.71 1 .25 4.00 1.3* 2.61 0.54
55
s t » u M a i | S  
O t O ' ^ C O C i » -  O  — PH
I 1----1----1----1----1----1--- 1--- 1
J___ I1I___ L 11
I
I  S •  U M •  )| S
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
56
I. Coarse Fraction.
A. Integral Components of Sediments
Quartz was the most abundant and widespread of 
the mineralsI its percentage ranged from 45 to 85 
percent (Appendix C). Rock fragments and heavy 
minerals were second in percentage. Mica» most of 
which was muscovite, showed higher percentages in 
the marginal southeastern delta;nearshore area. 
Glauconite was higher offshore west of Isla de Puna 
and throughout the Canal de Jambeli estuary.
The foraminifera content was higher in the 
subaqueous delta south of Isla de Puna. Shell 
content was also higher throughout Canal de Jambeli 
estuary in the vicinity of Rio Jubones mouth and 
Estero de Santa Rosa. The frequency of occurrence 
of fibrous particles of plant remains increased in 
the proximity to swamps.
B. Specific Component of Sediments
a) Foraminifera
Foraminifera were identified on samples from 
44 stations (Fig. 9)* Fifty genera were identified. 
The unnamed specimen described as *'X** in Table 2 
is an arenaceous agglutinated test, which is 
cemented by calcium carbonate, and displays no
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definite shapei however» it shows a tendency to 
become uniserial» a condition in which each cham­
ber is formed by two or three sand grains. The 
aperture is irregular and may occur in either 
the middle or distal portion of the test. The 
largest specimen found was about 3 mm long. Its 
morphological characteristics suggest that it may 
belong to the genus Reophax.
The specimen, a second unidentified 
foraminifer, is an attached form. Its early stage 
is planispiral coiled; later it uncoils and 
flattens. The wall is calcareous and finely 
perforated; however, some foxus are agglutinated.
The aperture, at the terminal end,is arched and 
possesses a lip. The size, in general, is small; 
the largest found was about 0.6 mm long. It pos­
sibly belongs to the genus Plaoopsilina.
Benthonic foraminifera showed a mixing of 
genera from various environments of deposition. 
Therefore, no correlation with environments was 
possible, but investigations were made to determine 
the possibility of relationship with the texture of 
sediments, bottom topography, and the hydrodynamical 
conditions of the area.
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The most abundant genera were Ammonia sp.f 
sp., ap., and 5Gâgta3LflE.4a
ap, (Table 2). Forms described as "X", "Y", and 
attached Textularia sp. were abundant offshore 
west of Isla de Puna.
In general, the number of genera in the 
entire area was variable; there were only one or 
two genera at Stations 18, 32, and 33. A large 
number were found at Stations 2? and 28, and the 
largest number was found at Station 50.
Some genera, such as Miitmmntna sp., 
Ammoastttta sp., Ammotium sp., Textularia sp.,
sp., Arenooarrella sp., and Tiohotro- 
cha sp., were present in the vicinity of mangrove 
swamps. The genus Protoschiata sp. was very 
abundant at Station 28, and Sulcoohax sp. was 
identified at Section A-5*
b) Heavy minerals.
The following heavy minerals were identi­
fied* Hypersthene, hornblende, augite, topaz, 
rutile, zircon, enstatite, apatite, tourmaline, 
black opaques, and epidote. Mafic rock fragments 
are included in these heavy mineral fractions, 
owing to their specific gravity, i.e., heavier 
than the bromoform (Appendix B). Total percent-
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age of heavy mineral suites and mafic rook frag­
ments computed for some of the sampled stations 
are indicated in Table 3.
The suites and percentages of these mi­
nerals were widely distributed throughout the 
delta complex. No environments of deposition 
were identified on the basis of these properties; 
therefore, stations possessing the same suites 
of heavy minerals were grouped. More than seven 
groups were identified (Figs. 23, 24, and 25).
Group I. The most notable feature of this 
group is the high percentage of black opaques at 
Station 74, which is the highest in the entire 
delta; a high value was also found at Station 26 
(Pig. 23).
Group II. Contrary to the high values of 
black opaques shown in the previous group. Stations 
51 and 54 (Pig. 23) revealed the lowest percent­
ages of black opaques in the entire delta.
Group III. This group is formed by stations 
widely distributed throughout the delta. Percent­
ages of minerals for Stations 62 and 96 are nearly 
the same despite difference in environments and 
distances apart (Pig. 24).
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TABLE 3
Total percentages of heavy mineral suites and mafic 
rook fragments for the stations indicated
Stations Sample weight* 
(gm)
Percentages
A - 4 28.96 10.08
A - 6 10.26 13.64
B - 1 23.71 5.65
B - 2 17.02 11.75
B - 3 12.65 11.06
C - 1 4.63 81.20







These values represent the weight of the sample used 
for separating the heavy fraction from the light.
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fragments. Groups III, IV and V.
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Group IV. Notable in this group is the 
higher percentage of mafic rook fragments, partic­
ularly at Stations 50 and 49, which are close to 
Isla de Santa Clara (fig. 24).
Group V. This group is formed by only two 
stations, A-2 and 1, where the largest suites of 
mineral species were identified (Fig. 24).
Group VI» The most striking feature of this 
group is the high percentage of mafic rock frag­
ment found at Station 3, which is in close proxi­
mity to island outcrops.
The remaining sample suites of minerals did 
not fall into the above groupsi however, the 
highest and lowest numbers of mineral species were 
found at Stations D-3 and 16, respectively (Fig.25).
11. Fine Fraction
Olay minerals were the components studied in 
this fraction. The relative abundance of different 
clays was estimated by integrated intensity. The 
main types were illite, kaolinite, and montmoril- 
lonite. Clay mineral identification was determined 
from the stations shown in Fig. 26, which also shows 
their distribution. Montmorillonite was the pre­
dominant clay mineral, forming about 90 percent of
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Fig. 26. Distribution of clay minerals.
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the clay contained in all the eamplea collected* 
Kaolinite percentage was about 9*5* and the 
mineral showed a distribution pattern similar to 
that of montmorillonite* only a trace of illite 
(0*5 percent) was found in the Rio Guayas north 
of Puna Village, but a higher content was found 
in samples from the vicinity of Puerto Bolivar 
and Rio Jubones* Areas located in the Provincia 
del Ore, described by Herrera Vasconez (1971), 
contain soils rich in potassium*
Diffraotograms of samples collected from 
different environments (Pig* 27) clearly show 
relatively higher percentages of illite for 
stations in the vicinity of Estero de Santa Rosa 
(Sections E-2 and A-4 and Station 30)*
Sedimentary Structures of Marginal 
Southeastern Deltas
Fifteen undisturbed short cores were collected along 
Sections A-E to investigate the textural variation of sedi­
ments and types of sedimentary structures* Three cores were 
chosen to illustrate the texture and structures found in 
this environment* A megascopic description of the three 
cores is given in Appendix D.









12 10 8 6 24
Dogr«o2 B Dogroo 2 B
Pig. 27. Diffraotograms of clay minerals from different 
localities. M = montmorillonite; I = illite, and 
K = kaolinite.
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An X-ray radiograph of sample A-6 shows some of the 
most characteristic features of sediments at stations which 
display hioturbation characteristics. The core photograph 
in Pig. 28 is typical of a transitional environment between 
a channel and a tidal flat, and reveals coarse shell debris 
and some coarse sand (Pig. 28a-I). Underlying the shell 
debris are bedded sand and silt in which some laminations 
are preserved (Pig. 28a-II). The section of Pig. 28a-III is 
burrowed, and the burrows are filled by coarse material.
A photograph of the sample (Pig. 28b-I and 28b-II) 
illustrates the highly burrowed nature of these rather 
homogeneous, fine-grained sediments. There is some indication 
of incipient diagenetic features with the form of secondary 
calcium carbonate in the intergranular pore spaces.
Core 0-3 (Pig. 28c) was collected offshore contiguous 
to Isla de Jambéli. The core is composed of well-sorted, 
fine sand containing some shell fragments.
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Pig. 28a. Core Care takeJ^^
frem a transitional environment be­tween a channel and a tidal flat.
0 pi]
Pig. 28b. Core B-4. Core taken from a charac­
teristic tidal flat
environment.
17omI ilPig. 28c. Photograph of Core C-J.Core sample from off­
shore contiguous to Isla de Jambeli.
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INTERPRETATION
In Interpreting the processes and forms which are 
characteristic of the Rio Guayas Delta, primary consider­
ations include orographic, tectonic, oceanographic, and 
climatic aspects.
The Cordillera Occidental, Sierra de Golonche, Sie­
rra de Chongon, and Sierra de Estancia provide the basic 
structural framework for the deltaic setting. The sediments 
supplied to the delta region are derived from igneous, 
metamorphic, and sedimentary rocks associated with the afore­
mentioned mountain ranges, which fall within the drainage 
network of the Rio Guayas. Several small islands in the 
upper delta plain, such as Isla de Puna and Isla de Santa 
Clara, locally supply sediments from igneous and sedimentary 
rocks within the delta complex itself.
Coastal configuration and orientation are directly 
related to orographic and tectonic influences. The delta 
lies within a deep embayment immediately north of the most 
westerly extension of the South American continent (see 
index map. Fig. 1). This configuration protects the delta 
region from direct influence of the coastal Humboldt cur­
rent, as well as from the south-to north tides and swells 
and from winds from the south. In the same manner, the west-
71
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ward extension of Punta Santa Elena shelters the delta region 
from direct influence of the large-scale southward circula­
tion of the El Nino current.
Water circulation within the Guayas estuary is par­
tially controlled by the configuration and orientation of the 
coast with respect to direction and intensity of the energy 
mechanisms. The humid tropical climate along the Provincia 
del Ore is partially caused by windbome warm» humid air 
from the El Nino current flowing against the Cordillera Oc­
cidental.
The coast of La Puntilla-Punta del Morro is more di­
rectly exposed to the swell and prevailing winds. Conse­
quently» this section of the coast receives relatively 
higher sea energy than the remaining part of the delta. 
Tectonic activity appears to have been a very important 
process in the past and is continuing presently. Pleisto­
cene marine terraces between the La Puntilla-lsla de Puna 
coasts and in an area south of Provincia del Ore have been 
cited in the literature and were identified during this 
study (Fig. 2). The presence of shallow lagoons along some 
coastal sections between La Puntilla and Punta del Morro is 
evidence of uplift» alluviation» or a combination of both 
processes. Stream mouths and lagoon inlets are blocked 
most of the year by beach deposits» which are breached only
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during periods of torrential rainfall or high seas.
Of major importance to this delta region is the ex­
istence of a submarine trench which lies in relatively 
close proximity to the coast» the continental shelf of 
which is the widest along the western coast of South America. 
Upwelling, along with the Humboldt current, likely contributes 
to the arid climate which dominates this section of the 
coast. Phosphorites and other associated minerals are 
characteristic of upwelling zones. During the dry season, 
the garrua. transported farther inland to Guayaquil by per­
sistent sea breezes, undoubtedly deposits considerable 
airborne sea-derived salts in the coastal zone.
Lack of information on river hydrology prohibits the 
use of specific river discharge data. However, annual rain­
fall records for the watershed of the Rio Guayas (Anuario 
Meteorologico, 1962) reveal that higher rainfall occurs 
between January and April; therefore, the highest river 
stage must be reached during this period. The same record 
shews that rainfall is limited to about a four-month period. 
This pattern implies a relatively short period for river 
high water. Both the initiation and decline of the rainy 
season are abrupt. If river discharge regimes respond to 
this same pattern, the river flooding period would extend 
over about four months. From this situation, it is inferred 
that sea energy would be dominant in the delta about two-
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thirds of the yearly cycle.
Suspended solids and salinity characteristics, when 
correlated with distance upstream, indicate a pattern to be 
expected in a high semidiurnal estuarine tidal environment. 
Saltwater invasion occurs 70 km upstream from Guayaquil 
during periods of low river stage. Information is not 
available on salinity during river flood stage. In general, 
the salinity decreases upstream; at Guayaquil it averaged 
about 8 o/oo during low river stage. At Sample Stations 10 
and 80 of Figs. 16 and 17, north of Isla de Puna, measurements 
in both Rio Guayas and Estero Salado indicated poorly mixed 
and well-mixed conditions and an average of about 32 o/oo. 
Seaward from this general area, seawater conditions prevailed. 
In the marginal southeastern delta area, salinities were more 
variable, a situation which indicated interaction between 
tides, temperature, and freshwater discharge from rivers.
Similar patterns were indicated by the suspended 
solids but were reversed. The greatest concentration was at 
Station Samborondon, about 25 km upstream from Guayaquil.
Near mudflats and fine-sediment sources, concentrations in­
creased. They were minimal over coarse-sediment bottoms in 
channels where currents are high. In the proximity of 
river mouths in the marginal southeastern deltas the con-
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centration increased. In general» concentrations of suspend­
ed solids were insignificant seaward of Isla de Santa Clara. 
Although samples were not anstlyzed for yellow substance 
content, it was observed that water color characteristic of 
marshes and swamps was present along Estero de Chupaderos.
Bottom sediments closely correlate with tide-driven 
currents and river flow. In general, the sediments showed 
mixed texture and composition throughout the delta. There 
are three exceptions# the presence of black opaque concen­
trations in two areasI well-sorted sands offshore west of 
Isla de Puna; and fine-grained sediments on tidal flats.
Black opaque sands are present nearshore where energy 
is high, at Estero de Puna (Pig. 9» Station 26) and in the 
Canal del Morro (Station ?4). Well-sorted sands inhabited 
by extremely abundant attached and agglutinated foraminife- 
ra are present over a restricted area west of Isla de Puna. 
This area is characterized by relatively high energy from 
waves, swells, west-to-east littoral currents, and tidal 
currents. Fine sediments are swept out of the area, and 
living foraminifera may survive only if they are attached 
to the coarse sand grains or agglutinated.
Tidal flats are extensively developed throughout 
the delta plain and along the coast of the marginal south­
eastern deltas. The texture of sediments of these tidal 
flats mainly falls into fine-grained sand, silt, and clay.
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They contain some plants remains and bottom-living organisms. 
These flats have been constxnacted under low-energy condi­
tions of flow regime. At least during low river stage, tidal 
currents dominate. Mangroves grow rapidly in these environ­
ments. The sediments show bedding disturbed by bioturbation 
and nodules of calcium carbonate associated with diagenetic 
processes. The restriction of freshwater flow into Estero 
Salado and lack of rainfall result in preservation of more 
saline conditions in this estuary. Change from fresher water 
to salinities approaching those of seawater could be the 
reason for the death of Crassostrea reefs in the upper 
reaches of the estuary, where former Rio Guayas positions 
are inferred by surface scars in the area of Guayaquil. 
Therefore, river migration may have led to saltier conditions 
not suitable for Crassostrea. which, according to Gunter 
(1968), thrives in fresher water environments.
Montmorillonite and kaolinite show a similar distri­
bution pattern, but their percentages vary. Montmorillonite 
consistently makes up the highest percentage of clay minerals. 
Its wide distribution is directly associated with source, 
which is primarily the Daule and Babahoyo basins, including 
the coastal plain of Provincia del Ore. Illite concentrates 
in the vicinity of the marginal southeastern delta river 
mouths, and only traces are found throughout the remaining 
part of the delta. These relatively high concentrations are
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assooiated with the source, located in the marginal south­
eastern delta plain area (Provincia del Oro), described by 
Herrera Vasconez (1971) as containing soil rich in potassium.
The widespread distribution of mixed sediment texture 
and composition throughout the delta indicates that deltaic 
deposits blanket the continental shelf to at least 60 km 
offshore (Pig. 9, Station from Isla de Puna and very 
likely extend to the edge of the shelf, which lies about 
75 km from the island. The extensiveness of the subaqueous 
delta is reflected by the contour lines, which indicate a 
gentle slope of 1.4 m/km to the edge of the trench.
In considering the morphodynamics of the Rio Guayas 
deltaic region, several considerations are significant.
The orographic and tectonic framework establishes the 
characteristics of the deeply embayed coast into which the 
Rio Guayas debouches. The framework also exerts influences 
on the delta through the coastal configuration and 
orientation. They particularly alter the effect of coastal 
currents and other important water and wind energy, which 
arrive primarily from the south-southwest.
Tectonic and associated geologic structures are an 
important aspect in shaping the overall delta morphology. 
Uplifted Pleistocene terraces, structurally controlled river 
mouths, the regional framework in the Golfo de Guayaquil, and
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tectonically formed Isla de Puna, which lies astride the sea­
ward margin of the modem deltaic plain, are examples of 
these regional geologic controls.
In its lower reaches seaward of the northern end of 
Isla de Puna, series of sand waves, linear tidal shoals, 
channels, and extensive tidal flats are characteristic of a 
nodal-point bidirectional flow. Northward, in the upper 
delta region, mid-channel islands separated by an anasto- 
mozing channel are dominant. The islands display elongated 
shapes of bidirectional flow which continues upstream to 
Guayaquil.
In contrast to the eastern flanking estuary, the en­
trance to Estero Salado (Canal del Morro) appears to be tec­
tonically controlled and hence does not display mouth cha­
racteristics of a high-tide estuary. In the restricted mouth 
of Estero Salado are two islands composed of consolidated, 
highly resistant sedimentary rooks. Although it was not ob­
served, it is likely that resistant rock controls the west 
bank (Punta del Morro) of the channel. The restricted channel 
at its narrowest point is over 50m deep. Seaward of the en­
trance, a massive bar shoals to about 5-9 m,through which 
dredging is necessary to keep a shipping channel open. Even 
though tides are high, the restricted inlet appears to be 
the controlling factor on morphology of this mouth. Estero
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Salado is a shoal estuary compared to its eastern counterpart. 
Shipping channels require dredging, whereas natural channels 
in the eastern delta are sufficiently deep, though treacher­
ous shifting shoals make navigation hazardous.
Characteristics of deltaic development and growth in 
this highly dynamic area illustrate a sea-dominated system.
The primary sediment source appears to be derived from the 
Rio Guayas, its tributaries, and the rivers in the marginal 
southeastern deltaic plain. However, littoral drift from 
the west and south redistributes sediments in the delta 
system.
Associated with deltaic plain growth are accretion 
beach ridges at Punta del Morro and around the southerly 
portion of Isla de Puna, and some accretion beach ridges and 
tidal flat development are found in the marginal southeastern 
deltas.
In the deltaic plain adjacent to the northern end of 
Isla de Puna, extensive tidal flats are accreting. This 
development is related to deposition of sediments by the main 
connecting channel between the two estuaries. The mid-chan­
nel islands in the Rio Guayas are extensively accreting on 
their downstream ends.
Figure 2 shows accretion of beach ridges occurring 
along the southeastern coast of Punta del Morro and along
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the western and southern coasts of Isla de Puna. In the same 
figure* spits on the ridges located on the Isla de Puna side 
of the inlet are oriented toward the channel* which is the 
derivation of the dominant current. In contrast* Fig. 8 
shows the spits on the southern end of the island oriented 
with the coast but displaying bidirectional flow west to 
east. Deltaic development in the marginal southeastern pledn 
(Figs. 5 and 6) occurs through tidal flat development as­
sociated with accretion beach ridges. The beach ridges and 
river mouths are oriented upstream. This may be the in­
fluence of flood tide as the dominant current along this 
section of the coast. The bathymetric features of the overall 
delta suggest extensive accumulation of deltaic sediments 
which extend to the outer edge of the continental shelf. 
Significant areas of deposition occur at two tidal current 
nodal points* which are outlined by the 9 m contour line in 
Fig. 2. One nodal point centers on the convergence of cur­
rents in the area immediately west of Isla de Puna (Fig.
2* A)* and the other is located in the estuary on the eastern 
side of Isla de Puna (Fig. 2* B). The latter zone of accu­
mulation appears to be partially related to sediments from 
the several rivers debouching into the marginal southeastern 
delta area.
Along the eastern flank of Estero de Puna* linear 
tidal shoals (Fig. 2* C) occur which are separated by rela-
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tively deep channels* Extensive tidal flats have developed 
along the Estero de Puna coast*
Maoroenvironments in the subaqueous delta reveal pat» 
terns which relate to energy levels, sediment texture, and 
sediment composition*
In the nodal point areas (Fig* 2), two sediment 
samples (Fig* 9» Stations 24 and ?6) collected from shoals 
reflect moderate energy environments (Fig* 20)* They are 
in contrast to channel samples taken from the same general 
areas (Fig* 2, Stations 25 and 7^),which show coarse, poorly 
sorted sands* It is significant that the sediments sampled 
at the most seaward position (70 km offshore from Isla de 
Puna) revealed mixed suites of deltaic characteristics si­
milar to those collected near Guayaquil*
Foraminifera in the B-nodal point (Fig* 9* Stations 
27 and 28) zone show two of the largest numbers of genera. 
This occurrence is indicative of a relatively high rate of 
sedimentation* Influences from the sea were displayed in 
two samples (Fig* 9$ Station 28 and B-5) which came from the 
same general e^ea in the eastern estuary* These are cold- 
water fauna. It is possible that they were transported from 
high latitudes by the coastal Humboldt current* There is 
not sufficient information to speculate that they could have 
been derived from upwelling*
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COMPARISON OP RIO GUAYAS DELTA WITH THE ORD RIVER 
AND AMAZON RIVER DELTAS
In order to determine whether or not there are con­
sistent responses for certain combinations of processes 
acting on deltas, high tides were used as a significant 
parameter, and a comparison of three deltas was made (Table 
4), Each of these deltas displays similar morphological and 
tidal characteristics. Each is affected by relatively low 
sea energy.
The rivers display wide funnel mouths except in cases 
where tectonic influences or other forces alter the effect 
of tide-dominant forces. This is indicated by Pre-Recent 
constriction of the channel by country rock on the western 
side of Isla de Puna and to some extent by the Para River 
channel in the Amazon.
In addition, both the Amazon and Guayas Rivers exhibit 
Pre-Recent islands at their mouths. Each of the major active 
channels of the three deltas displays similar morphological 
characteristics. Extensive tidal flats, linear tidal shoals, 
and mid-channel islands are common features in these envi­
ronments. The delta plain is characterized by winding, 
anastomozing channels separated by numerous amorphous islands.
82
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TABLE 4
Comparison of morphological and oceanographical characteristics of 
high-tide deltas

















Converging into the 
delta area forming 
beach ridges
River mouth shape Open funnel shape on the 
Canal de Jambeli* Older 














2*7 m (at Hacapa)




beach ridges north 
of the delta region
Open funnel shape 
on the main Amazon 
channel
TABLE 4 (continued)




islands separated by 
anastomozing tidal chan­nels and elongate mid­
channel islands in the 
active channels
Narrower, open 
funnel shape on 
the Para channel
Bedforms Linear tidal shoals, 
deep tidal channels, 
sand waves, and tidal 
mudflats
Linear tidal shoals, 





Pre-Recent islands in 
the delta plain and 
river mouth: Sierra 
de San Ignacio, Cerro 
de Taura, Cerro de 
Masvale, and Isla de 
Puna
Pre-Recent islands: 
La Crosse and Adol­
phus Islands
Pre-Recent islands 
at the river mouth: 
Mexiana, Caviana, 
and Marajo
* At least during the dry season*
05
In cases where Pre-Recent islands are located at river mouths, 
the characteristic winding tidal channels lie on the lee side 
the islands.
Delta models displaying the salient features charac­
teristic of high-tide environments are shown in Pigs. 29, 30, 
and 31* Similarities in processes and forms indicate a 
universal consistency in the response to a given set of pro­
cess variables.
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Fig* 29. Physiographic delta model for the Rio Guayas Delta. 
Note Pre-Recent island; winding, anastomozing channels and 
associated deltaic islands; elongate mid-channel islands and 
bars; and extensive shoal areas.




Depth contours in motors
Fig. 30. Physiographic delta model for the Ord River Delta (Fig. 
prepared from data given by Dr.D.L. Wright et al.#1973)#
Note linear ehoala in the mid-ohannel. The Ord River Delta is 
located in the Northern Territory, Australia.




R«c«nt fluvial de.lfoic plain
Physiographic delta model for the Amazon River DeltaPig. 3 1 #  
(Fig* prepared from data cited by H. Soili, 1966)•
Note Pre-Recent islands; winding,anastomosing channels and as
sociated fluvial deltaic islands; and elongated mid-channel 
islands#
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CONCLUSIONS
As a result of Integrating tectonic, oceanographic, 
climatologie, and morphologic information with sedimentologic 
field data from the Rio Guayas Delta, it was found that Rio 
Guayas deltaic morphology is the result of interaction of a 
combination of these processes, but tidal forces appear to 
be dominant*
The movement of the tide from the southerly quadrant 
is amplified by the Humboldt current and wind forces from 
the same general direction. The combination of these pro­
cesses results in a situation where sea forces are dominant 
over riverine processes.
Tectonic and orographic activities have formed the 
coastal configuration, orientation, and structural basin in 
which the delta is located, Pre-Recent river-mouth islands, 
uplifted terraces, an oceanic trench, and shoal lagoons are 
morphological expressions of the active tectonic setting of 
the Rio Guayas Delta.
Cold oceanic currents and upwelling combine to produce 
an arid climate in the western part of the delta. Seasonal­
ly, the warm, humid £1 Nino current produces wet tropical 
conditions along the eastern margin of the delta. Both cur­
rents significantly affect circulation and water exchange 
89
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between the ocean and the Golfo de Guayaquil and Rio Guayas.
Sediment texture* composition* and distribution 
reveal an overall highly hydrodynamic area. Heavy-mineral 
distributions show correlations with the highest energy 
areas* which are present in channels and coastal areas ex­
posed to wave and current forces. The suites of heavy- 
mineral concentrations probably are sufficient for commercial 
exploitation.
The wide distribution of clay minerals* primarily 
montmorillonite and kaolinite* supports the occurrence of 
mixed coarse deltaic sediments in revealing that the sub­
aqueous delta extends to the outer limits of the continental 
shelf. Although montmorillonite shows the highest percent­
age* the ratio of montmorillonite to kaolinite is relatively 
consistent. The occurrence of illite reveals a distribution 
related to the source* which is the coastal plain of Provin- 
cia del Oro* where soil is rich in potassium.
In contrast to other* less dynamic* environments of 
deposition* the distribution of foraminifera assemblages 
shows a mixed genera throughout the subaqueous delta. The 
most dominant genera found in the area were Ammonia sp. and 
Cribroelphidium sp.* characteristic of shallow-water environ­
ments* but these foraminifera were found farther offshore* 
in 36 m of water. In areas characterized by well-sorted
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sand (west of Isla de Puna) where hydrodynamic activity is 
high genera described as "X**, "Y" and Textularia sp. were 
the most abundant specimens. This situation indicates that 
the heavier agglutinated and attached specimens are most 
resistant to transport.
The presence of genera restricted to cold-water en­
vironments at this equatorial position indicates that they 
were transported by cold coastal currents or possibly 
derived from upwelling.
There are universal morphological similarities among 
high-tide deltas such as linear tidal shoalsi mid-channel 
islands; wide, open-funnel-shaped estuarine mouths; and 
winding, anastomozing channels separated by amorphous 
islands 'in the older and protected portions of the Recent 
delta. '
The overall development of the Rio Guayas Delta in­
dicates a close correlation between sea energy and land- 
river processes, with the sea being dominant. The presence 
of Isla de Puna has a strong influence on deltaic develop­
ment. The delta is presently advancing by accretion beach 
ridges, mid-channel islands, tidal .flats, bars, and shoals. 
The accretion beach ridges correspond with the pattern of 
littoral current flow, which is in turn related to the 
overall internal circulation of the Golfo de Guayaquil.
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Appendix A
Granulometric Parameters Computed by the Moment Measure 
Method
Mean Standard
Station M</> deviation Skewness Kurtosiea-<t «3 0 «4 0
1 4.5474 1.7663 1.3209 3.6744














5 5.7422 1.7062 0.7305 2.52386 5.1682 1.8524 1.0418 2.91698 2.0553 0.8242 3.8939 28.99899a 2.4360 0.9763 1.8011 16.394110 4.0388 2.4160 0.6670 2.264?
11 5.7267 1 .4933 0.7527 2.503512 1.4175 I .1508 2.2640 14.5467
13 5.8903 1.7000 Ü.6865 2.3502
4.747514 2.9598 0.3485 0.8591
15 3.0138 1.3205 2.6162 10.4299
1 6 ' 2.0598 0.8930 3.7714 22.9132
17 5.6735 1.8100 0.8218 2.747518 1.6931 1.1491 3.1168 18.2457
19 4.7861 1.8041 1.1675 3.337920 4.5411 0.9306 2.7862
22 3.3989 1.6471 4.8562
23 5.8061 1.6784 0.9718 2.756523a 1.8733 0.4983 6.0219 66.677624 5.0473 2.0030 0.5585
1.4471
2.5102
25 3.9079 1.5910 5.434126 2.7627 0.6879 4.5311 36.4886
27 3.0031 0.7322 I 'M 23.559428 5.7006 1.5795 3.2324
29 1.6025 0.3885 -0.6252 3.119830 5.6073 1.9922 0.9228 2.8599
5.7252 1.67362.0984 0.7654 2.50114.9932 0.5568 2.3545
34 3.1309 1.5722 0.5784 3.895736 2.7677 0.3952 0.2721 2.7677
37 3.3512 0.7109 2.5445 23.611838 2.7611 0.9180 3.1324 20.5091
39 5.1874 1.7975 0.9753 2.8905
17.369440 3.8833 0.9772 3.5116
9^





Station M<) deviation Skewness Kurtosis«30 «4 0
4l 2.7057 1.4432 1.9402 8.705142 2.7128 0.7904 5.1503 36.195544 5.8201 1.7011 0.6713 2.3826
45 2.5741 1.3109 1.9817 10.64164? 5.1337 1.7679
1.17^9
0.6002 2.245548 3.1686 2.8339 13.126549 4.3504 1.4128 1.5230 5.1372
50 2.8634 0.6488 0.3958 14.7170
51 1.6077 1.2691 1.6555 9.9687





66 2.1980 0.0853 3.8859
67 3.5265 0.7774 2.7786 20.450068 2.3606 0.4564 -0.7393 4.9763
69 3.4233 0.3517 6.7867 105.569670 2.3895 0.5427 -0.1095 2.7292
71 1.9238 0.3639 0.1837 3.165372 2.7454 0.2219 0.3267 3*6680
73 1.1673 1.2510 -0.5658 2.053874 0.9391 0.7754 -0.0076 2.4718
75 3.2005 1.2302 2.6095 9.771476 5.0834 1.7148 1.1391 3.5780
77a 1.8573 0.9700 1.9625 14.140078 2.2895 1.1951 11.622478a 1.6855 O.7087 16.6756
79 1.2652 0.8310 -0.5218 2.203082 5.8773 1.8318 0.5232 2.203584 2.1239 0.8665 5.7794 41.5151
85 2.0778 0.7479 2.78062.4489
25.9224
86 4.5457 1.3822 9.4312
87 3.1003 3.3193 15.408289 2,9361 3.3321 22.160690 0.1670 0.9421 1.2760 4.0871
91 2.6835 1.4129 2.4900 14.581992 5.3777 1.5566 0.7099 2.9441





Station M 0 deviation Skewness Kurtosis(T<̂ a4<t>
1.4645 1.2159 1.2108 7.60014.1988 1.9557 0.7111 2.4634
95 0.3569 1.4093 1.2245 5.631996 2.5513 1.1397 2.8608 15.2668A-1 2,2900 1.2200 2.5300 12.1800A-2 3.7800 0.9700 3.3900 18.7000
A-3 3.9600 1.3000 2.4500 8.7000A-4 3.9600 1.0900 3.1600 13.9300
A-5 4.3900 1.3400 1.5200 5.000cA-6 2.5500 0.9900 2.2100 12.8100
B-1 2.0700 0.8300 3.9300 25.0600
B-2 2.4100 0.8400 3.2600 20.5800
B-3 4.9400 1.2900 0.7100 2.35002.4400B-4 5.6900 1.6900 0.6800
C-1 2.1100 1.0200 3.5000 18.3000
C-3 2.6800 0.7900 2.1100 21.4400
D-3 2.5600 0.7600 0.2600 12.5600
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78a 85.81 11.41 0.69 0.69 0.69 0.69'
79 75.0 2.1 1.0 1.0 0.66 0.6682 87.66 1.66 0 .32 0.66 1.66 0.98 1.66 5.31
83 81.00 6.0 0.33 10.66 1 .33 0.6684 71.33 12.33 9.66 1.33 5.63
85 81.20 8.38 6.37 2.68 1.3486 76.33 10.00 7.33 4.00 0.66 1.00 0.66
87 72.75 11.96 0.32 8.97 1.99 1.66 2.32
Appendix D
Megascopic description of cores A-6, and C-2
Corel Sect, A, Station 6 
Depth# 5 m
Interval Textural and structural description
0 - 3 0  Very fine gray sand, fine sand, silt, and clay;
shells of gastropoda 2 cm in diameter; many 
burrows in different directions. Burrows filled 
by fine sand and shell fragments,
30 - 36 Silt and clay material apparently forming lamin­
ations which are disturbed by organic activity; 
some burrows are present,
36 - 75 Silt, clay and very fine sand showing some
laminations of fine sand disturbed and truncated 
by organic activity and burrows. Burrows filled 
by fine sand and shell fragments.
Intervalcm
0 - 9 5
Corel Sect, B, Station 4 
Location# Northeast of the entrance 
to Estero Santa Rosa Depth# 11 m
Textural and structural description
Silt and clay, showing some small empty burrows 
(about 3 mm in diameter). Some diagenetic 
incipient features of calcium carbonate observed 
in the radiography at the interval of 38 to 40 
cm of the core.
Interval
Core# Sect, C, Station 2 
Depth# 6 m
Textural and structural description
0 - 1 7 % %  îB$oSSgèàtîSî58?èî?eless.
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